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COMPLETE SPECIFICATION. 



We, Patra, Patent-Treuhand-Anstalt, 
a Body Corporate organised under Liechten- 
stein law. of Schaan, Principality of Liech- 
tenstein, do hereby declare the invention, 

5 for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement : — 
The present invention relates to a hydro- 

10 static drive comprising hydraulic pressure 
pumps and hydraulic motors. 

It is already known to provide pumps, 
the rotors of which are coupled to be effec- 
tive as flow dividers, between such hydraulic 

15 pressure pumps and motors, which pumps 
differ in size when the hydraulic motors 
differ in power output. The flow divider 
pumps consist of gear pumps, which are 
coupled by a mechanical connection, the 

2l> gears of the several pumps being arranged 
on continuous shafts. To provide for dif- 
ferent sizes of the pumps the housings which 
take up the gear trains are of different size. 
It has also been proposed to use equal 

25 housings and to provide for a variation of 
the width of mesh of gears for adaptation 
to the different power output of the hy- 
draulic motors. Such differences occur, e.g., 
in vehicles having front- and rear-axle 

30 drives. In these vehicles the adhesive 
weights on the two axles are different. For 
this reason the danger exists that wheels 
which are under a lower weight will run 
free, which has the disadvantage that the 

35 input capacity of the hydraulic motors 
which drive these free-running wheels be- 
comes greater than that of the hydraulic 
motors driving the other wheels so that the 
latter receive less pressure liquid or do not 

40 receiye_any_pressure liquid at all. In this 



ic Drive. 

case coupled flow dividers disposed in the 
supply conduits to these hydraulic motors 
prevent the wheels from running free. On 
the contrary, the occurrence of a lower or 
even extremely low torque in the hydraulic 45 
motors driving the free-running wheels 
causes the flow dividers associated with 
these hydraulic motors to act as motors, 
which thus ensure an increased supply of 

Sressure liquid under increased pressure to 50 
ie hydraulic motors driving the wheels 
which require a higher driving torque be- 
cause they are under a higher weight. 

The present invention is based on the 
further recognition that in such vehicles, as 55 
in all hydraulic drives, operating conditions 
may arise in which the measures mentioned 
hereinbefore are not sufficient. For instance, 
when a vehicle is moving through a curve, 
and the centre of gravity of the vehicle has 60 
an angular velocity around the centre of 
curvature, those wheels which^ are remote 
from the centre of curvature will have a 
higher peripheral velocity than the wheels 
which are nearer to the centre of curvature 65 
of the curve. For this reason the hydraulic 
motors driving the outer wheels require a 
larger quantity of liquid than the hydraulic 
motors driving the nearer wheels unless 
some wheels slip or run free. This is of 70 
special importance in a multi-wheel drive 
of heavy trucks. Other applications are 
found, e.g., in hydraulic drives for cranes. 
In the latter case, e.g., an increasing dis- 
placement of the centre of gravity of the 75 
jib arm from the centre of rotation of the 
crane requires a displacement of the counter- 
weight in the opposite direction to prevent 
a tilting of the crane. There is a definite 
relation between the two parameters con- 80 
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sisting of the displacements of the centres 
of gravity of the jib arm and of the counter- 
weight. This provides for a functionality 
which must be taken into account if the 
5 pivotal movement of the jib arm and the 
movement of the counterweight are effected 
by a hydraulic drive and the stability of 
the crane should be maintained unchanged, 
as has been set hereinbefore. Another 
10 problem of this kind is found in a vehicle 
which has propulsion means effective in 
water and on land consisting of screw pro- 
pellers and wheels or chains, and a capstan 
for moving the vehicle if the other two pro- 
J ^ pulsion means fail, or for assisting them. 
A fixed point must be provided, of course, 
to which the end of the rope wound up on 
the capstan is fixed. In this case the prob- 
lem is to prevent interference between the 
- u three drive means when all are hydraulically 
driven at the same time and to cause them 
to assist each other, e.g.. during a landing 
of the vehicle, by feeding the wheels of the 
wheel-driving hydraulic motors increasingly 
- ;1 with those quantities of pressure liquid 
which correspond to the increasing torques 
which are due to the increasing coefficient 
of friction and loads at the periphery of the 
wheels whereas, on the other hand, the de- 
*i creasing load on the screw propeller is to 
be taken into account by feeding less pres- 
sure liquid to the liquid motor which 
drives the screw propeller. Similar prob- 
lems are encountered in the operation of 
35 excavators, etc. 

Thus, according to the present invention 
we provide a flow divider for a hydraulic 
power transmission system comprising a 
pump device having at least two inlets and 
a common supply conduit thereto which de- 
vice serves to divide such supply into a 
similar number of outlets for respective 
hydraulic motors, and externally adjustable 
means which in operation act directly on 
4.** said pump device and serve to regulate the 
ratio of the amounts of liquid which, in 
operation, are delivered to each outlet, this 
ratio being substantially constant for each 
setting of the said adjustable means. 
-">«> A flow divider according to the invention 
can thus be automatically adjusted in 
accordance with a given characteristic or 
functionality by the use of means which 
introduce this functionality or characteristic 
tiCt into the flow divider. This functionality ; is 
most simple in the above-mentioned case of 
a vehicle going through a curve without slip- 
page and free-running of the wheels because 
the amounts of liquid consumed by the hy- 
60 draulic motors increase linearly with the in- 
crease in the radius of curvature if the liquid 
pressure remains constant, the reference 
uantity being that which is consumed when 
riving straight ahead. In accordance with 
Go this simple functionality the mechanical 



means for introducing it into the control 
are extremely simple. As will be described 
hereinafter, it is sufficient to provide the 
setting means for varying the quantities of 
liquid to be handled by the flow dividers 70 
with setting levers of different lengths acting 
on the different pumps and to provide an 
adjusting member which connects the levers 
to vary the liquid quantities handled by 
the flow dividers in proportion with the 75 
lengths of the levers. If the adjustment of 
the flow divider is to be in accordance with 
a more complicated functionality than the 
linear functionality just described, this can 
be achieved by the use of suitable known 80 
mechanical gear-boxes, or electrical controls 
or gear-boxes, with the help of which a suit- 
able control of the flow dividers can be 
effected. 

It is not always suitable to couple the 85 
flow dividers in all conduits leading to the 
hydraulic motors. For instance, in motors 
which drive a screw propeller, vehicle 
wheels or chains and a capstan, a common 
flow divider will be associated with the hy- 90 
draulic motors which drive the capstan and 
the vehicle wheels. This flow divider will 
only be coupled to the flow divider which 
is disposed in the conduit to the hydraulic 
motor which drives the screw propeller. 95 
Thus, provision is made for the conditions 
which exist during the landing of vehicles. 
A second group of flow dividers, which are 
coupled to each other, lies in the conduits 
■ to the hydraulic motors which drive the 100 
wheels so that the free running of a single 
wheel is prevented if the adhesion at the 
periphery thereof differs from that of the 
other wheels. 

Such flow dividers may be designed in 105 
various forms. It is particularly suitable 
to construct them as sliding-vane pumps, 
preferably as relieved sliding-vane pumps. 
Relieved sliding-vane pumps have the 
special advantage that the forces acting on 110 
the rotor as well as the forces acting on 
the bearings are balanced except for small 
components, so that small adjusting forces 
are required. This is of advantage to the 
construction of the adjusting gear. The ad- 115 
justment of the rotor of such sliding-vane 
pumps or relieved sliding-vane pumps which 
act as flow dividers is suitably effected by 
means of eccentrics consisting preferably of 
eccentric rings, sleeves or discs. If the 120 
eccentrics are controlled by an adjusting 
gear which applies a controlling variable 
introduced into the gear to the several 
eccentrics in accordance with the function- 
ality to be established, the relation between 125 
the quantities of liquid handled by the flow 
dividers will vary in accordance with this 
functionality. If the amounts of pressure 
liquid to be handled are linearly propor- 
tional this may be achieved in a simple 130 
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carries the rotor 37 is eccentrically mounted 
m the manner shown in Figures I and 2 
The adjustable eccentric is indicated at 43. 
Owing to the balancing of the forces acting 
o on the rotor 37 and a corresponding reduc- 
tion of all adjusting forces the means which 
serve for adjusting the eccentric can be ex- 
tremely small and the adjusting rear for ad- 
justing the eccentricity is of correspondingly 
Hi light weight. The pressure liquid is suppUed 
J eed P ump to irking spaces 
39 40 through the connections 44. 45 and 
is discharged through the connections 46 
and 47. The connections 44 and 45 suitably 
15 merge to form a common supply conduit 
(not shown). Conduits (not shown) are pro- 
vided to extend from the connections 46, 47 
to the liquid motors to be controlled. If 
ft "toe upper gap shown in Fig. 3 and S 
20 the largest gap in the working space 39 
and if it is assumed that S=2 Sl and if s 
is the lower gap between the rotor 37 and 
f5f..5f w SM ? Wal l 36 / <■« quantity of pressure 
liquid discharged through the connection 46 
25 will be less than the quantity which is dis- 
charged through the connection 47 if s, is 
less than j 2 . In the position shown in Fig 3 
fnlhi a ? d the eccen ? ic ^y is at right angies 
to the plane connectmg the gaps so that an 
3 " f" nu i a . r ^indrical body of "liquid having 
* ot , 3 will always revolv? 
sent 4l ^ ? nninS m clockwise 
fhfnL ? 5 become s less than s z the 
thickness of this revolving annular cylin- 
35 will be reduced. On the other 

hand, the increase of the gap s 2 will cause 
more pressure liquid to flow from the work- 
ing space 40 into the working space 39 than 
in the position of Fig. 3 so that the quantity 
4i, of pressure liquid discharged at 46 is re- 
duced, which reduction has been anticipated. 

SiT :., , ^ uant "y of liquid discharsed 
at 46 will also be zero because then £2 S 
^ . means ^at only that law is effective 

45 fnwc ?h ng 10 J*f% ** P ressure ^"id fol- 
lows the path of least resistance. This re- 

15 l8rger at 46 > where a hJdStSL 
motor ,s connected, than in the gap For 
this reason the quantities handled can be 

50 ^^ a /n ed ^ betWeen a minimum a °d a maxi! 
S R« i sa ? e , manner as with the means 
ih^l K an ? 2 with the advantage that 

awiss^ adjustins m ™> « 

55 Fig 4 shoWs the use f divider 
according to Fig. 3 in a motor vehicle to 
ensure that its driving wheels will go throueh 
. any curve without slipping or ruining free 
The frame of the motor vehicle is shown 

60 diagrammatically at 49. 50 shows the drive 
motor for the pump 51, which pressurizes 
the working liquid. The steering wheel of 
the vehicle is indicated at 52, the steering 
wheel shaft at 53, the steering worm at 54 

65 the steering worm sector at 55, the steering 



arm at 56 and the track rod at 57. The 
stub axles are indicated at 58 and the front 
wheels of the vehicle at 59. The rear wheels 
60 are driven by hydraulic motors 61. Be- 
cause these hydraulic motors have a dif- 70 
ferent input capacity for pressure liquid 
under equal pressure when the vehicle is 
going through a curve, the invention pro- 
vides a flow divider 62 which is constructed 
in accordance with Fig. 3 and which auto- 75 
matically effects the necessary distribution ' * 
of quantities in dependence on the steering 
of the vehicle. Because only a single rotor 
63 is provided, a single lever 64, which cor- 
responds to the levers 24, 25, 26, etc. of 80 
Fig. 1 is sufficient for adjustine the eccen- 
tric as required. For this the^ lever 64 is 
linked by the push rod 65 to the steering 
arm 56. The feed pump 51 delivers pres- 
sure liquid through a conduit 66 and a 85 
branch conduit 67 to the flow divider 62 
The quantities of liquid discharged by the 
flow divider 62 through conduits 68, 69 
which correspond to the connections 46, 47 
m Fig. 3 are fed to the driving hydraulic 90 
motors 61 in such a manner that the driv- 
ing motor for the left-hand rear wheel will 
receive more pressure liquid than the drivine 
motor for the right-hand rear wheel when 

^♦ Ve ill Cle is going throu 2h a curve to the H» 
right the quantity of liquid discharged by 
the flow divider 62 to the left-hand^ motor 
being increased and that to the risht-hand 
motor being decreased i n linear proportion 

so that both wheels roll along the curved 
paths prescribed by the steering linkage 
without slipping and running free. 

The supply conduits for the pressure 
liquid are shown with dash lines. Return 105 
conduits 70, 71 accommodate throttle valves 
72, 73, which are operable by a handle 74 
so that braking torques for braking the 
vehicle can be exerted on the liquid motors 
ol. To prevent an inadmissibly high rise 110 
of pressure, measuring instruments 75, 76 
are connected by measuring conduits 77 78 
Over-pressure relief valves 79, 80 are also 
provided for an automatic relief of excessive 
pressures The conduits 70, 71 merge at 81 115 
so that the liquid can flow through a cool- 
ing device 82, in which the pressure liquid 
is cooled. This may be assisted by the rela- 
tive wind or a fan. The cooled liquid is 
delivered into a reservoir 83, from which 120 
the supply pump 51 can draw fresh working 
liquid throueh conduit 84 



WHAT WE CLAIM IS: — 
1. A flow divider for a hydraulic power 
transmission system comprising a pump de- 125 
vice having at least two inlets and a com- 
mon supply conduit thereto which device 
serves to divide such supply into a similar 
number of outlets for respective hydraulic 
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manner by providing the member which 
introduces the controlling variable into the 
gear e g., a push rod, with adjusting levers 
pivoted thereto, the lengths of which are 
5 in the same proportion as the amounts of 
liquid to be handled by the several flow 
dividers. In the case of the vehicle drive 
first mentioned hereinbefore this means that 
the eccentrics are preferably given external 
10 teeth in mesh with toothed wheels, the shafts 
of which are controlled through the inter- 
mediary of said adjusting levers by a push 
rod. This push rod is connected to the 
steering gear of the vehicle so that the steer- 
15 ing deflection of the vehicle corresponds to 
the controlling variable which is to be intro- 
duced into the adjusting gear consisting of 
the push rod, levers of different length, 
toothed wheel shafts, toothed wheels and 
•>{) the toothed eccentric. 

To enable a variation of the quantities 
handled relieved sliding- vane pumps will be 
constructed to leave gaps at the points 
where the rotor is closest to the housing. 
25 The width of each gap is preferably chosen 
to be half the maximum eccentricity to 
which the eccentric can be adjusted when 
the eccentricity is at right angles to the plane 
which connects the gaps. 
30 The accompanying drawings illustrate em- 
bodiments of the invention by way of ex- 
ample. . 

Fig. 1 is a vertical cross -sectional view 
on line I — I of Fig. 2 showing three flow 
35 dividers which are constructed according to 
the invention disposed one beside the other. 

Fig. 2 corresponds to a horizontal sec- 
tional view taken on line II — II of Fig. 1. 
Fie. 3 illustrates a flow divider constructed 
40 in the form of a relieved sliding-vane pump 
in a diagrammatic cross-sectional view of 
such a pump. 

Fig. 4 shows the general arrangement for 
a vehicle drive. 
45 Figs. 1 and 2. show a housing which 
accommodates three flow dividers and com- 
prises three housing plates 1, 2, 3. The 
housing plates 2 and 3 define cylindrical 
openings 4, 5, 6 in which rotors which will 
50 be described hereinafter are accommodated. 
Connections 7, 8 for pressure liquid supply 
to two of the rotors and a connection (not 
shown) for the pressure liquid supply to the 
third rotor, which is accommodated in the 
55 opening 6, are combined at 9 and 10 to 
form a common pressure liquid supply con- 
duit 11. Water, oil, oil emulsions, glycerine, 
mercury and synthetic substances may be 
. ' used as pressure liquids; this listing is not 
60 exhaustive. The quantities of pressure liquid 
handled by the flow dividers are discharged 
throgh connections 12, 13 and a connection 
(not shown) in the housing plate 1, this 
latter connection being associated with the 
65 opening 6, and then flow in conduits (not 



shown) to three hydraulic motors each of 
which is connected to one of the con- 
nections 12, 13, and the connections from 
the opening 6. 

It is apparent in the centre of Fig. 1 that 
the rotors 14 are constructed as shding-vane 
pumps provided with vanes 15 and accom- 
modated in sleeves 16, which also contain 
the bearings for the rotors. The bearings 
comprise ball bearings 18 lying in eccentric 
rings 19 and shrunk on the shafts 17 ot 
the rotors. The rings 19 have teeth 20 m 
mesh with toothed wheels 21. which are 



carried by adjusting shafts 22. The adjust- 
ing shafts 22 are mounted in bearings 
formed by the housing plates 1, 2. At their 
ends extending through one end 23 of the 
housing the toothed wheel shafts 22 carry 
adjusting levers 24, 25, 26, etc. of graded 
lengths. A common push rod, which is 
indicated only by its centre line 27 intro- 
duces a controlling variable into the flow 
dividers. This movement is transmitted to 
the eccentric rings 19 and to the rotors 14 
with the characteristic determined by the 
length ratios of the levers 24, 25, 26, etc. 
If the eccentricity of a rotor is exactly ad- 
justed to the value at which the crescent- 
shaped working space 28 between the rotor 
14 and its holding means 29 has the shape »° 
of a cylindrical ring, this flow divider will 
not handle any pressure liquid because no 
forces can become effective which would 
compel it to rotate and discharge pressure 
liquid. This is changed when the rotor is iw 
adjusted to define a crescent-shaped working 
space. The quantity of liquid which is 
handled will reach a maximum if a rotor 14 
and the holding means 29 contact along a 
line. Because the rotors in all openings 4,. l"o 
5 6 etc., are inter-coupled by toothed 
wheels 30, 31, etc. keyed on their shafts 17, 
via idler wheels 32, the shafts 33 of which 
are TOtatably mounted at 34 in the housing 
plates 2, 3. the rotor having an annular 
working space will be driven by the other 
rotors unless all rotors 14 thus coupled are 
in a central position. Thus, these other 
rotors serve as motors driving the rotor 
which is then acting as a pump. Because no 
the lengths of the levers 24, 25, 26, etc 
determine the proportion of the amounts of 
liquid handled, the hydraulic motors con- 
nected at 12, 13. etc. can be influenced as 
desired. e - 

Fig. 3 shows the construction of a flow 
divider which is constructed as a relieved 
sliding-vane pump. A housing 35 here con- 
fines a space 36 of oval cross-section, m 
which a rotor 37 having the vanes 38 rotates. Uo 
Because crescent- shaped working spaces 39, 
40 exist now on both sides of the rotor 37, 
the forces acting on the rotor 37 are 
balanced with respect to the axis of sym- 
metry 41 of the rotor. The shaft 42 which 130 
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motors, and externally adjustable means 
which in operation act directly on said pump 
device and serve to regulate the ratio of 
the amounts of liquid which, in operation, 
5 are delivered to each outlet, this ratio being 
substantially constant for each setting of the 
said adjustable means. 

2. A flow divider as claimed in Claim 1 
in which the said pump device comprises 

10 at least two sliding-vane pumps having 
inter-connected rotors. 

3. A flow divider as claimed in Claim 1 
in which the said pump device comprises 
a relieved sliding vane pump. 

16 4. A flow divider as claimed in Claim 2 
or 3 in which the externally adjustable 
means are adjustable eccentrics in which the 
rotors of the sliding-vane pump(s) are 
mounted. 

20 5. A flow divider as claimed in Claim 4 
in which the said eccentrics are eccentric 
rings, sleeves or discs. 

6. A flow divider as claimed in Claim 3 
and 4 or 5 in which the housing and the 

26 rotor of the said pump define gaps of pre- 
determined width where they are closest to- 
gether, the said gaps being equal if the 
eccentricity is at right angles to the plane 
which connects the gaps. 

30 7. A flow divider as claimed in any of 
the preceding claims together with means 
for automatically operating the externally 
adjustable means. 



8. A flow divider as claimed in Claim 7 

in which the means for automatically vary- 35 
ing the adjustable means are constructed to 
effect the variation in accordance with a 
known characteristic. 

9. A flow divider as claimed in Claim 4 
and 8 in which the said means for auto- 40 
matically operating the adjustable means 
comprises a push rod having adjusting levers 
connected thereto and to the said eccentrics. 

10. A flow divider as claimed in Claim 9 

in which the eccentrics are provided with 45 
teeth in mesh with toothed wheels on shafts 
to be turned by the said levers. 

11., A flow divider as claimed in Claims 
9 and 10 in which the said push rod is con- 
nected to a moving part of the steering 50 
mechanism of a vehicle to regulate the 
amounts of liquid fed to hydraulic motors 
driving wheels on opposite sides of the 
vehicle when cornering. 

12. Flow dividers substantially as herein 55 
described with reference to the accompany- 
ing drawings. 

For the Applicants, 
FRANK B. DEHN & CO., 
Chartered Patent Agent, 
Kingsway House, 
103 Kingsway, 
London, W.C.2. 
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